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Abstract

Abstract

Spectral imaging technology, by capturing three-dimensional spectral data cubes
of target scenes, has become an invaluable tool in fields such as materials identification,
environmental monitoring, medical diagnostics, and military remote sensing. How-
ever, traditional spectral imaging—relying on dispersive optical devices and mechan-
ical scanning—suffers from slow imaging speeds, bulky apparatus, and challenges in
handling scattering scenes. In recent years, computational spectral imaging, through
the synergistic design of optical encoding and algorithmic decoding, has markedly en-
hanced imaging performance and fostered system miniaturization. Nonetheless, current
methodologies continue to grapple with significant hardware dependency, limited re-
construction quality, and a dearth of training samples for data-driven algorithms. Lever-
aging the prowess of neural networks in feature extraction, these have emerged as a focal

point in optimizing the entire spectral imaging process.

Accordingly, this paper centers on the encoding-decoding framework of compu-
tational spectral imaging systems, investigating several challenges inherent in neural
network-based spectral reconstruction. These include insufficient training data, con-
straints in encoding design, and the overarching issue of global spectral image recon-
struction. We systematically propose three innovative and progressively refined solu-
tions developed along three technical avenues: supervised learning, hybrid supervised

learning, and pre-trained self-supervised learning.

(1) We introduce a method that amalgamates physical simulation models with su-
pervised learning to overcome the scarcity of training data. By developing a pixel-based
Hierarchical Spectral Transformer(HST) integrated with a Cross-Talk Transformer, we
have validated the technique in long-wave infrared multi-aperture snapshot spectral
imaging and industrial gas leakage monitoring. The approach significantly enhances the
spectral resolution and noise robustness of low-quality spectral images, thereby achiev-
ing highly accurate gas identification and concentration monitoring. The related in-
struments have already been deployed in industrial park monitoring, attaining a leading

domestic standard.

(2) We propose a hybrid supervised learning strategy based on neural spectral
fields. Utilizing a design-constrained, ultra-miniaturized voltage-tunable spectral de-
tector, we have demonstrated its efficacy in achieving 0.30 nm wavelength accuracy
and 10 nm spectral resolution. The method exhibits exceptional spectral imaging ca-
pabilities, and its robustness to noise is clearly evidenced when compared to traditional
optimization-based reconstruction methods, establishing the approach as international

state-of-the-art.

I



Computational Spectral Imaging and Reconstruction Based on Neural Networks

(3) We advocate a self-supervised learning spectral reconstruction framework grounded

in pre-training and spectral phase field concepts, eliminating the need for additional
training datasets. By integrating phase field denoising with pre-trained spectral decod-
ing capabilities, we have experimentally validated this approach under non-line-of-sight
conditions. This marks the first international achievement in high-quality spectral im-
age reconstruction in non-line-of-sight scenarios, reaching a spectral resolution of 10 nm
and a spatial resolution of 3 cm at 1 m. The system is capable of material and substance

recognition in non-line-of-sight scenarios, reaching leading international standards.

This paper systematically examines the application of neural networks in the realm
of spectral imaging, offering an in-depth exploration of the computational spectral imag-
ing encoding-decoding framework. It proposes three reconstruction methods based
on simulation-driven supervised learning, physics-constrained mixed supervision, and
self-supervised optimization, thereby providing scalable solutions for spectral imaging
across diverse scenarios. These advancements have been technically validated in areas
such as gas monitoring, micro-spectroscopy, and non-line-of-sight detection. Future
research may extend toward multimodal fusion, lightweight network design, and the
development of physically interpretable models to further enhance the intelligence and
practicality of spectral imaging systems.

Key Words: Computational spectral imaging; Neural networks; Longwave-infrared

imaging; Miniaturized spectrometer; Non-line-of-sight imaging; Hybrid-supervised

imaging
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T RS T AR R AL P YRR o RIESE PRI R K, XAl DA
LS . BEEORTZAS . /NBAE ST .l A R AR D T PASR R A -

argmin||y—<1>‘Pt||%+a||t||1 (1-2)
t



BT 2 2R ERE R S EEORBTSE

Ho -y =2 1588, T ARMEE. ol i TR B AR R i
HA— @R Ak )] AR -

arg;nin ly —@£15 + all fllpy (1-3)

Hr |- Ny RN TEAEZE (Total variation, TV) THR AR A BB R
AUBBIE, 2 B E b A3 L . (RRR eI i T B AR R A A A IRk
ERIERSE, IR T NEREHEAN G . LAk I TR AR A -

arg;nin ly —@f1I5 + all £l (1-4)

Hdr || -l 2 E NI AZTEEL

FEXTIRSERIAL, WRSEE RN T 2R R ORI Bioucas S48 1) TWIST
(Two-Step Iterative Shrinkage/Thresholding ) %5 B! 3§ 0 #ie 3k IST (Iterative Shrink-
age/Thresholding ) (3% QRN , 5225 3 — R AE WA ) i 84t A « Figueiredo
25 OV I 5 ek FE 35 7 YR ek 1 AR R O AR, FET R ) AT
[ HA 3% . Yuan F A BT 65255 5 [n] 6 -3 (Alternating Direction Method of Multi-
pliers, ADMM) 5 TV IEWLZ5 &, M T E X g fLiR R IR R 41 ADMM-TV
HEZE, HIBR THS] XA E# 8 (Generalized Alternative Projection, GAP) {434
VR RIRAE

JE SR BB AR AL I AR L T B 4E ) . Dong 2 B8 ] A\ S5 RRERPEL R, 42
H AR R A% IE U4k (Nonlocal Low-rank Regularization, NLR) HEZ2 , Fi| F ™ A%
PP R HOE SR AN IR fE 7. Liu 25500 s B 4 3R SR B AR S5 Bl /M A
g R T TP B R4 1% (Snapshot Compressive Imaging, SCI) 245 1 5 72
KEEE . iy S 07 o RO Bl AL TP RE T84 Yuan 25 101 5001 5 R 45
HAYL, @ik RGB FGH BN G 7, SCBL T e B R e DR AL
Yang 2 P R BR RUR TR, BRI b2 S mrR A A
T SE I T AR N v e L 0B BE

REATTE RGeS ey AT s e 2 PR . 22 BRI
IRACSRARAILH , 108 5 T 5 v BN 8] ELAR 2 R o A TRt 2 O uE DA HE 3t %)
s, FEON R 2% BARIIZALRE I AN 2 o 3K 28 AR T A e Y
K, TR 2% Bl2E o] GRS TR, Aot R R L
X

122 RIEBZSWMEXETE

BT IR ) 7 VR AL B X AL G AL T VAR A R ST 8r, JL
R AT F A0 22 ) 2825 o] B B SE B0 MR S AR SR (e AN 4l . ST VA 2
AL ) AR R -
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f= arg;nin ly — @fII3 + aR(f) (1-5)

Hirp RO A TREES I E WS, 38 5 3 A e SN B 4R TN 2R sl FE A
AR INGDIAT . VAR BLIR SN P (RIS, S 38 am 1 S s
AR B 1

Huang 25 A\ 2V 38t 45 S 7R B e 407 R B2 VR & (Gaussian Scale Mixture, GSM) 4
B R G IR T AESE , i i B s £ D0 A6 SE B CHS g IR RS Al S . 1%
J7 A5 Swin Transformer fi KA X &, fEfh B 5 Bk h LS
SRR IR B ST AR BRI T ] AR S PR BE R P FIHR T LA . Fu 1490 3%
THETAZ 2 WG TR E M 484, A A AN I 45 s AR 5 i
WAL, O CESEE TR ) S S RO GRS AR T AR, Y
TG RUGAT 55 TR SE LS R MR LA .

Chen 5% 35 fin A5 (R 725 18] 20 -5 B B Sh i e i sl 9%, @t 4y
A R A SRR I AL 25 (R E R I 2% H 2 S REUER . 1R R R G
BN N TR, FETC B S il A AL S B A T, S
JRARIIE R FAE e T34 T 2.8 dB. Ma 45 ™) B & IR ik it ADMM-Net fiE
28, Rrsk oAk USRI N ml 2 2] M 48 )2 454, B il B R BUIRRARRAIE S B HRs A1
WA, ARG RSP 0.8 3 2.5 dB SN FLER T K2 1500 A5 s R .

Meng % 100 $5 s BT RN ZRIM 4514 1 B S B L, PR R SE 5
(Deep Iamge Prior, DIP) fix A RI4E R O0Ab i #2, TR oM sgdi B nT a5 2 B2
A R RE . AR i AR P R AR e e i — P UGEE FE, h oA
SEHP GG AR A TR

A& R A (Plug-and-play, PnP) {EAWRESRAA B ) — BB 3, HARKOAET R
JE RSB RAER SRR RS T, Xie W R I BN PaP )y
W%, SSEIBURARR L 5 R R ERS B ARG g A A s, U Sk IR 48 R
TSP 50 dB WA (5 . Zheng 25181 50018 25 M S IR ML AL PP HEZE,
TER IR RS LI UE IR IR S B E# i )y, N EH B G i k4
A%, Chen 25191 3810y LR2DP J5vk, s R RkE 25 A4 52 -5 OURE S i ]
BUH, FE2E IR R EHELL R S E M L T 36.8%.

P2 SE I AE QL L B AR IAE W T - (1) TN 2RI 48 R W] R s Sk i T
WD Q) XTSRS R AL BRI T RE R G M. FEkR
W], 445G ADMM/GAP B3k 5 R AN ge iy, B i ] ik Bl i vE/K-F
TE R B A - 58 36 P ) ks B HLAE A . (FO M SO ) Y I Bk i —
T, =G ERRR R R G Z G EC RIE WA, TR T AR 8L M 245 58
F5 J5—J7TH, B APEREXT 2 M B 1 1 SR S B U Az AL e 1 2B, X
R RE RO e R 5 N R
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123 RiEEFEZEHEMEF L

SO P Ty P 5 S AE 2 (I 2 B K I T
. A, TR0 SER AT E AR A R, GBI
BTEAORTT R RGE . I, 4705 el BRI F IR, (LA 24
PR

HH I HOR WA T IR B 5 R, G730 S
IR AU R PER TE MM, e T L AR DA AP 451
SRR D T DAY T AP HOET £, B0, R O KRG
Hcleto 2T Je b, T DABER A AE THAO R T 28 4 1 R
ROBE, ASCHEET M M AR A I () FHERES, IR
RERMZEI ST (R Q) JEMEBAE) 2 I 2 SR S
ST AL, (3) BEE A, I e A S T
1%

1231 BAkE23

A AR A 2 HEZE TR 1 G B AT 45 10 5 SR P it 3] i o 28 P 48 AL, K5 IR 4
N R WIS 4B G B A A5 AR . R AR OFE Tl i R I R A
AR 2E 3] I 4 0 D B o't vt s () 1) A SR SR R A, R B R RS T I 25
M R SR BGEE A SRR g AT AL .

W 28 BRI TR, BFR ) T2 A ST TS L A A0 ) S A 0 dEE A
FRIEVEREI AR LG O MBS SR R IR AR A P DA AR A B AL
HHR T 25 o AE 7 P2, Tiang 45 31 I % 1) B m eI A0 PR M 45 4 545
()-S5 5 Wkt oRAEAEZE , it HoA e Ll i 23 (Al -t ok
Zetibl, T2 MR FRFIE(E [ MR L (Peak Signal Noise Ratio, PSNR) $54542 7}
2.1dB A I-o Miao FIBAHR i A-Net ™ S 2 2R T 45 284, 83 3
B S5y B E RN, RE R G S A8 B R A A% 58 35 B N 4 e 2 A
9, WEEEME LR THL 4 dB.

PR KRBT B REBR R R = R RIR, B AWK 5 i SURM A
EWIESR A G F R AR AR B D A, i85 AR TR AR DU Y
JEAIAR 2 PO 5 g4 2 P71 s i1k VGG (Visual Geometry Group) 14541
2 ROBERFAE, 3 g R B — B 5 804y

BRI R 28 AR 25 G W AR AL 5 B s SR S L 3 AR =X, R Bt
PEBEE 3, Wang 25 P81 48 11 i) GAP-CCoT(Convolution and Contextual Transformer)
W) 287 45 A -Transformer JEARHUR AT LA PO HESE, SCMEE & PSNR
P27t 2 dB HizBHACRMAL 80% . Qin [ BAE E P IG5 AL E R T M 4% (Enhanced
Deep unrolling Net, EDUNet) ) i o B B it 1 2% Jy WLkl 5 960 LT Ehk 45t
JRpREL, 7F KAIST (Korea Advanced Institute of Science and Technology) 453 if
B e DATEEAK 15 PR ELSEYE, DU AR AT 142 TH 18.7% . Meng 4100
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B9 GAP-net SR ZEM BT YII2% CNN £Mefsie, FEA5(5 S Bz L hE I7E R
SOHRAEIAT) 3.5 dB EAYMIAG, I T REUCSICME A B A £ SRS S
1.

BB BB TR 5K, Cheng 25 101 4R Ui IR R 4%, et b
LRS- 25 I S AL R AR, SCIL s i B PSNR 271 3 dB., Hiy
B € XL 1) 8 19 4% S8 3o O - 2 T B v — AL et , TEELSEZ I R 4%
PRI 90.2% 6 TR JFAEJE .

A R ST VR C S L AP s R T A, BB 2 R TR R B
FREEBCR A RO o 24 BTITFSE 1E A B o . Wy BE 2 o IE WAL 5 /M AR 2 5] 255
W R R I, (EIZ AL BE ) 5 5 27 3 AT SR A ok I o

1.232 FZMBEEZEI

To Bk STHE B O B R T BRI SR R R %, JE
120 B AE Tl e S50 0 45 M 5 4 2R BRI, G B B A R T A R 5 5
YA S B A AL AR . 2T YR IR 5 S5 1O il g RN B
YA AR (ANBSZ BRSO ) R T 7 a5 DI PR i s
SC3RE G TR Y 2 A 2o L R o JRAE I M A A A s R T
SCIRPE, (ERT DGR AR R G0 3B R AE ) BT A 3

Sun 25 A $2 ) HCS2-Net 103 5 5 AT (04018 e 2 Bl A Wy B fy e i L,
SR EE I S A O 4% o FLBIBE R BITE . (D) LA [ -LUR
VER LRI A BRI R SC IR s (2) T A& B SRR 2R AL I 25 5
W, SR T SR SR EUE . SCIR A, %7 YR U B e I B AT R 5
Mot R G, 75 CAVE, Harvard Z%ii4E 523 F4 2.3 dB () PSNR 14
5, AT B E S TR

Bacca [ BA$2 4 11 Tucker (R BRI 25 (04 5030 B Bt 43 A Y 15 245 1 A
P, HAZOBIH R Tucker LA S MELH AR Z IS (D A
JEPATICIELE B B DA Dok (2) A I AR Bk AR D AR 25 R T
(3) TA B LT A B AR A B S Ak . 0 R et B M R A Ly 2k
TE B FLAR 2 58 v RS- 5 Bk 5 SR AR O i ARG B, B0AIE T A R 3
HA R

Kim 25 A7 3 17 5 B 0 A AT ) 28 S T2 1001 Syl o 4 T PG S
P HAR 0 25 Al BRI AR 2 T 2 AR O SR R IR U, SERIOL I 4
JR-RIER S R B R R, HESh T IS SR T ik B AR IR B 2 ST Sk K e

Liu 25 A4 10 - 1 MR e HE 242 158 S 1 T B2 ST WL S e 0 et 2
ORI 45— BETESMB SR A T 45 M 48 SR OGS 58005 48 — B BER T
Stein Jo{ KUl -5 M e 7 22 B 36 AL, 76 HARISE 0 B BN . %
TELA GRS P SC B F 0], PSNR F8 47 Hoali 6 i85 5 42 71 1.8-2.5 dB,
FLX} 25-50 dB M AEEREE F U R SR I



BT 2 2R ERE R S EEORBTSE

ST, Jo B et I e e s A% DA 35 I R 1 2 B s sh i
SR Z RS BN, (ARSI R CR (BT TheiE
LT BB T I ARG | SR 28 R 28 500 | R e g 2 s 545 T B
PRI ERE, LRI TARANE BV [R] IR S ) e A0, By
HIBARSEHOME. HAATFE 2 R G . Bl A 57l N =i J2 1 S B
B¢, AT3A% T T AR AR R S B K

1233 BEARITES

G Ik, AN B ST 2 BT R gn BN B, (R BN REYUE4E R 2
IR (Restricted Isometry Property, RIP)(®7, SEAE Sk, BEArbitas ) HEQL
GERIOE A -5 R I IR LA TEE, HA D AR TRy 3]l L 2 ey T
o M 28 AL, e i 3 o B2 S A% SE B R e R AAL

A WFF R Wy U B e A a2 S it (D) BN v/
B AL S LA N W Z8A T 5 (2) 14 g i i A B 2%, e 2 A 2E O A
Y BRS I RJR AR . Arguello [ BA BB R Bk e/ IME AT 5 | A Z i CASST
RGMALI® Sl e v A T A i R A S . LR S AR
LA ICCHEZR , TR BT RO R 70 A 5 T S8 A% 52 (i 2w A 1) 0615 52 T
BRI, SEEb AR /> 5 PSNR a3 i I .

Wang ¢4 1) HyperReconNet ' -] 7 25 fi L. 12 5 58 7 190 24 s 51 g 9K
ISR SETT o % i i 25 I A ARSI 28 05 T A g A s i A 32800t 7
75 TS B v S R E RS E R o Y ) S 2 R T . Galvis BT ZH 8 1o 8 43
IS A BRI P RBTTO, AR RMUR T BEFE (Digital Micromirror
Device, DMD) 18 Z Rl 5 A TR B, TEFLSE CASST R T} 22% =5
[ HER . Hy Rt alFs | A RGB S5 D45 e gnid A ml, il
GORFIEIG SR SRIE SE B 3 dB {5 MR L3 2

L AECTR T BN HT— AURFFE MU, Lin S5 A S R 0 HIAE SR U i
LML R 35 T S8 B0 B = e i 3R . Shi 88 A\ F4) ) £ 38 18 175 B P4 91 - 18 ' A
Bttt R ge ™, e 430-700nm (B HL 31 HIE G R A, PSNR 4R AREfe
G )7 %427t 5 dB A L. Hinojosa 45 71 $5 H i [ SR AT 55 A R Ay v, it
3D-SSC SVE HEAE R A O B FI R AIE, SE IS a8 R IR 2 <4% RIS
PERGR .

TERE ST, BB SR A% M (LU B Al T 5« BinaryCon-
nect J5 3 U 3 i3 BRI S5 77 A E M S B A R, A T
HOR B AT S 0. Zhang 2642 AV RE 4 > WK SE i g R 8 7>1 SR A B
eI S Mg P E R, TERR I SE I Snm GG o PR E AR R ),
i b BHH FEFE T 7000 % o 24 i 458 AR S 4 A IR HL U ] 25 A s S 1
BRI . BAOLB SN G REE, AR YR & i ] ey BB 115507
T .
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RG22 B tl i ROt WIS LA S AR A TR 2 T M 2%, S8 1 ek
FE4i I8N 5 T g AR s B i VRl AL, R R T T R GER B & B A AL R
JE o AZHESRA AT f5f o0 SRS S0 B S AR DL, ST % Ge b 24 B 1 4 B2 Je B
PRI, AT 55 AR R S S 2O RiBh S . 2350t R g it 1
I RERTT 5

1234 BREFHIEEE

FL I K gt B T/E2AE RGB BIg LT BRI TR, 1%
JE T WA 3 3B RGB [] T fd— A A o 203 G 1 e 82 1)
0, g BRI B S M SR B R ADGE R GEIREE TS, TR
HEAEG ZO6E LTI, PREORSE R FUAS DA R T, — Bk, X s
G ERITETREEGENFIR, HITE TAEZFREELBN L. XGER
O T T AT 453 3 3 5 SR WRRE1 T 4 A 2% ) DA R O i i
T2 5 e SE I

T2 S B — S LE T TG R ATE B e R 2 Il b, 3t M s e 23 ) o
MBI AR . Jia 2 AVOV 4RI T —Fh = ATt D e (1)
I PR W (Tsomap!77 ) HRFNRTEZS M AE L4 (2) IGE—ARI
3R %L (Ridial Basis Function, RBF) [{4544 RGB [l AZMRLERTE F, Xk
SE T SRR [T @ B (3) S SRR TR S R W T =S ]
BHE TR BT B . Hrh i RBF [0 47 B 3y T DA IR
MM 4 (4 AutoEncoder) BACDARRITERE, PRILAI DAE—BARTI R THIER
i,

13 RIEEZHFEREESHEK

WEFEBRIE 7R, 022 R 2 A ST IR T E B . AR o i AR
B TE, BEEH T REWIEE, I C RO OISR 2 . SR, KR
Tl LR, AN 2RI A2« a0 B s g A 501 R B A DA B 4R 1]
) B AR ) o ) RS AR AR

(D IR ER = . FE R Z IR, IIGRRC i e s o B O 2 ¢
B ARSI SIS I Al B, E i RGB AR, G &
WA ARSI, PERDGERBAAEN 2R, TTHR BTG 2 HER
HIARTR], (A s Z AR XE LA - DRI, T8 7R 2 W B R, Ol
W RIS BRI GREAR E oK, O SR A0 R 141 BA T 3 i — TR I
HE IR S

(2) GhS it 2 il T HER . WYBDE A R G R R, e
G BT A BT, BB BRI R, JeyRaR B B BRI
BT FERLERE BB RS, B2 ALt R G s AT
B, T S S s s AR AR N TR AR R, S g st

9



BT 2 2R ERE R S EEORBTSE

SEORZ i DR R R AR GO e AR R G AR, DB AT 55 BBk
i, RGN PR AR

(3) &= Ry e M B B TR AR . FESEBREE ARG, T REMER
GEABR M, RGBS R, A, PRI B R R
HIEA 55 S HAR TR A Ko XAFFIEE 7l B N i iz 5
ST, SR AR B T . AR, X —SCRpRIA SO UG A 55, lan
AEMLBE A RIS INR , XA R ERATGE ] o R, a8 879 K BOxT
4RI AR
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SRR OFBET A a4
RS (FPA)SRENE = 4RI B ERE LT 1A,

g

BT EMERGE G S ERRATRR

g
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{UER MRS, ZBIK, RIS EIR, S SR
A BRI S SR MEREHHR
a [ | | )
C] = | BNE BET

| g 0000 B== |
B BIEFS RAWEFS |
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Figure 1-1 Pipeline
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14 AXFEARAR

A7 B il o N 8 BE 5 0 48 I 45 AE AL BT A6 1% A 1) R T
BB o A 2R N 2% 3T A SR A e B A5 1 A T R T ER KA RE AT, (BT
SRTE VT 8 FH B B, YTk 0 HER 2 g i i 1 B i DA S il = 4 Jey i T ) A 284
T EBESF RS FIL, RS TR AN GEAR > K0k, AR
T E=RORREI S HELE : T Ei (i B A 24 ST, BTtk ik
G EEEST, AT GG O3 10 H HBE ST o X = R ESE T8 B R
[ RSG5 ), R N T BEAE T2 AT ) 0 — 25 W R 1 nT B A fie o
GED

B8 R BRI 2 PR A2 J A B T R A A, AR SO e T
T Y5 B R B =A S vk . FERZ IG5, TR
JEARAT S5 v, Sk K A A o P B IS T BRI S R Sk A, AR
TR B E M R, ET B ERNZ RIS (Hierarchical Spectral
transformer, HST) HEZL. [HHE 22—l A2 T 0 BEAG 22 40 AN ISR 12 e >
MR IR S AL, BFE L BLLL M GRE g ) S G - R s g, AT aR
HAE R4 5 B SCR XSS s i PR . BEAh, A SCHEHEH T Cross-talk
transformer, DA AR EEIE TR MM Gt 5B, DARFHK I
ZLAME SR AT G B B R . SERIERH, XA SRR IR TGS PR
Ep AV 7 DA 0 A 28 TR R 1y T 98 B 1 ol B RN s R R e vk

MR b, ASCHE— 2B AR TR TR ST R A M T SRS
FHVAEA T YR B . % SR i S A W AR A A B A T ), R
T I R 2 i R A M e R O GE I £ BT A—FRET
WIER AN AL 3, AR S B AL G IS e Y — B, T S B v T R S
Hd ML R, X PRI T DA R T BT SO G S ROk BRI GS
R, HAERURPERE I H U R B L 75 16 i 5 e

BT 4 SR ) 0 O B R, ASCIRE IR T R R T I gD
A3 0 B B2 STAESL . I AE LI 0 5 | 54 28 X 45 1 TN R A Ak G 1% i
s, PASEELGIEHE BASTRMRDT, [FB 5 AR A e, IRl A A
MRS, DARARME ST, SEmtis g B, SCmaiREM, &%
HEZAE JELBE YE IS BRI h A A i R ST R], R R, BRI
JRYERIRE ST, HREEE SRR AT T 5L AR R &

WA EAFSY, A SCRGEVEHBRTT T 28 W 48 AE Y is i G s i IR
AWFFE T G R ) G- RS AE SR, - 7E ISRl _ba) A3 th T BT B
25> IR B S MR S 128 ) TR . XX BRI AE K I 2L /b 2 FLAR PR
AR AR . T EIRRHEL I G i 15 S5 A B P A58 TR ROV
BUS T T AMER LR
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L5 AXETLRH

AR TRy, FEEER TS RS B TR A E M DA S A
P28 ) 2% ik 1) L O AT SR B o AR — 36, AN SCor IR T AR i
B R FEEE T, RIS TUACIE T s @ M 21 73k, HE—20 0 7 24 i
i E A AE Y ) RN

B REE NN TR T YR BRI A B SIS EE S, BEW
MERAWEE L S VA ATEREESGEREGE, RN T4 4 Hi-
erarchical Spectral Transformer (HST) BJETBEIHYE, BEERERTHGIE 0 P
RIF WA, s A m B R m A 55 R A BRI B e, $E
T cross-talk transformer FI4E ML AT, DAF=AE R E UG AR I 21T =g
AR BRI o X — T 4 A W AR LA GRS UG R 58, A BT AP 2 FE
PER A ARSI A5 . A SCHER R LA 2 AL IR OIS g R G
M TA SIS R, RIGX P AR T e ) ' o E g <k
HEINEE Sy, DASCHAE AR i v AR 2k

FoERNNA TETHEGEARA NS aEEE A Bk, &
SCR Wy PRA BB AUAS S W B R e T A B ), ARG i 2L ) @A
DAL 2 P 25 5 s 2. fea, A SCRR I —FhE T W AR 4Rk
¥, ARSI EEDGE 5 &R — 2, Amseilm stk . ARk
T A2 PR A A SO Ik T AR SO ik, B TR R B PN S561E
AT SRR, A ST B B ORI . RS 5 A E AREE EEI  E
TR AR AR, S, R A R SE I T AEROR RGO GiEA _Eak
10nm BGIE PR, B2 T imE L S B VA S .

EWNEEENA TR THAERSH N A WA M ik E gk, 5
Ayl N EA A B B M EBES RS 2Ot A B , AR
H T —NETRAMALF LN IiEM A KIS (Mult Spectral Neural Transient
Fields, MSNeTF) HUEHELL, 38 N 4 Ry Hi ) il A Y () s @i A . A SCHEEAILER
G SFAT TR T AR I ESE , SCEL T ARLEE 2 IS R I & R 28 073K
TEA I ELSR R AR I SEgn 3R, MSNeTF SE3 [ ek i M fE .

SR R BN TR T WUNGADGEA A1) B I B2E ik i k. I
MERZEA % B TS E A SRR . LI PER A R 2 R B BB,
KM T ETE RO GBI N oS s AS , FSRAD AR Y T B ISR
25 ) B YCTEA A B TR o AN SCHEARALEE 514 F Il T 42 s AE SR, 404 T 4B
PR SAR ) Py PRBL BRI LG AL, 20000 T SRR g H i I 8
BT R S A ISt R0 Ao e BN S 58 B4 s i v, kB RBAEAE AR
FRACIE T S8 10nm (1615 o Hr e UG A 30 5 8s 75 KA1

SNFE G T AW IS BRI AN A, FERE BT 1 28 ) 25 10 061 iU 1R
ARG AR KRR S AR 4 H
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52w BT EALRA A MBS e

F2E ETYEGHEERENAREFINEESR

21 5|8

RGN GAEVF 2O E &8 T XRBAEH . R, 26, NHREL
HMETERUGAT S5, FEAE GRS FE AR RN EcH e e A A, X RIS T g
Fife. AR, PHE M4 O I L BB A ) TR, B E R A AJGRESE
AR AR B G R, I BAE R GBS AT S S T 28 it . 28T, H
TLLANED G G E IR A 2, P& B AELLAMGIE AR AT 55 i 1 HH 32 3
Hil2y, XRRE T B BRI T RE . [, B RS TR 2 B LS Y
W 28X DA R PE 21 Jm R PA R 4 R B i A A5 L

N T ARIE BRI, — AR A A e M 2 S oGS R R E . AT
e — B N 25 1, 3R T8 Z 1) Hierarchical Spectral Transformer HEZE |
&N T B BR 2R L1 A B 2 b 2 ) TR BB B B 2 S B . HST
EAE L ILL MGG R 1Y =Gk o PR B, AT i KA J/y # AN 42 7 S
HORHG R AR B . 2 A O AL I £0 ARk R AR En PR, GEsE
T HST RIEAEE A BRI, REA R = s o R R IR 7= 5 TR
B,

F— AR EREA U BRI F T s R S 55 A Xk, AR
SCHEH T cross-talk transformer, £1XFK % £LAME AN SR A - R BRI
R AL 27 2 B B ARG 38% Fe (B) B IR A Ok o T 2Ry T AR v R
B 2T AN % 1% {1 (Uncooled Snapshot Infrared Spectrometer,USIRS) | A= i K
ARG EEE, ASOFE T — DA UREESFHME A Y, DASE - U 2R 28 K
2, SEIRUERR, A ST AR 11 A2 UAR R S IR i ik 3] 1 98.63% 1R
FERE . FEWRPETN b, AR ST J7 P00 BE Ry ik 30,000 ppm [ A2 LA P35 152
A0 330 ppm. X LELERGE N R T AR SR YATE IS DN AR BRI B TR 1y
FEBERISR AR UE M, UESE T HAE Tl M 4537 A O TEAE . T i

22 REXNAIERGRSR
22.1 ZFLRFREHAERE

PR OIS BRI e T RERSAE BRI PRI iR S Se B
B, AT SE BRI Sh AR . BAR Y BRI ZOE IR R G AR IR R RSN
FRCRIFI, SEftm 2 BRI e . SR1, S — PRAR R 2 25 8] 7
e IR AR WO RECF A A B (B HEAT A . Ferp 22 A LA BDE S AL
BRAES DRFF SR ADUA ST RSB, PR ARRE T sh e i -

Z LA T R O S B FE SE IS RS, 45 G 26t
TEBA YRR IR P SE OGS 7 R . Hirai 28 A6 X RO 513801 T —Fh 2 KK
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Figure 2-1 Principle of Multi-Aperture Snapshot Spectral Imaging System
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Figure 2-3 Schematic Diagram of Pixel-Level Layered Spectral Transformer Structure
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Loy /() = Lyg(A) - 7,(A) + L(4)
= B(2,Typ) - £45(A) - 7,(A) + L,(A)

(2-9)

JO, Ly, Joie T, A3 T T 404 BRI 1 RO ST: BOLTy)
AR Ty IRV H R SE R, KRR BT e A T e TR .
T, () HRABIE, HAL 714 pm B LB AT, KT IR
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SRS SRR ST, R
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Horr:
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AL(2) = Loy 1(2) = Lyy(A)
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Lon/off(/li) = a(’li) ) DNon/Off(li) + b(lz) (2-14)

AP FEOR N A A2 1T T AR, Hod AL(A) s AT 46 5 5
AR . TR B4, Tyg) AIAAIRE B ve AR, e Rl T W A AE Sy
SEMLE NIRRT RE R0 W SRR ey WRIDAMERTALTT . LA ESEE FI
UL, WURBE 1 VT3 BRI AR 744,

AR R A, REE R 7(D) FRAAK2-15. K, a(D) AT
RURCREL, R T 5r FAEREE K NIRRT s C SRR EE (SR8 Y]
FR) s Lt RIE, BUARSTRETE A h R R RS . B R E R A
X S REAIRSCAR OL -

Tyas(A) = e 0L (2-15)
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FESRF AR 8, PR e R BUR A (5 B I, = FoRiELd
TR AR, HAT R AT

(s A) = Ty A) - TRy A) - (s A) - 7Ry A) - T (A 2) (2-16)
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FHARFRALE] A ORI0E, AT SE S PRy A\ (55 SO E K R, X247t
AR RERY B S K . PERCARAE b; BT A5 CanTR

(2-18)
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Figure 2-6 Loss Curve during Training, Validation, and Testing Process
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Figure 2-7 Qualitative Analysis of Four Different Types of Spectra Reconstructed by HST
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K 2-1 AEAFEE KPR BB A LB AN R D5 i e R
Table 2-1 Comparing the Performance of Different Methods Using a Simulated Dataset at
Various Noise Levels.

g 7 kSR 0 0.1 0.2 0.5
RMSE 0.1133 0.1346 0.1793 0.3532
ARl Correlation 0.9558 0.9433 0.9134 0.8008
PSNR 17.54 16.28 13.98 8.16
RMSE 0.1139 0.1686 0.2629 0.5953
=R/ €l Correlation 0.9593 0.9180 0.8420 0.6868
PSNR 17.93 14.33 10.13 275
RMSE 0.1208 0.1130 0.1767 0.2153
MLP Correlation 0.9568 0.9599 0.9011 0.8420
PSNR 18.04 18.35 14.63 12.83
RMSE 0.0103 0.0233 0.0428 0.1076
CNN Correlation 0.9989 0.9968 0.9906 0.9565
PSNR 33.87 29.22 24.53 18.03
RMSE 0.0061 0.0238 0.0436 0.1089
Transformer Correlation 0.9994 0.9970 0.9904 0.9563
PSNR 36.51 29.46 24.45 17.99
RMSE 0.0059 0.0212 0.0378 0.1074
HST (ours) Correlation 0.9995 0.9976 0.9929 0.9566
PSNR 37.16 30.41 25.74 18.02

i AE BERN HE RERN

33



S R IOPI I . S I Ve & N |

Wi REHGANHEX DU AP TATE 7-14 pm LR NI R 20985081 . 5 MLP, CNN
J% Transformer Af{LL, HST GEAZRCAHHEAN Y, HIANGETRMT 2R PR N bEAE 9.5 pm 4b
MU, MHM A ERERIX—FE. SRS, HST fEmarduib s b
FHMCS, N T AR A U B A (R

Cyclopropane Butadiene
1.4 | === Reference ---- CNNcorr: 0.9611 e Reference ---- CNN corr: 0.8830
Cubic corr: 0.8122 Transformer corr: 0.9700) Cubic corr: 0.8888 Transformer corr: 0.9022
1.2 (@ | inear corr: 0.8517 === HST(ours) corr: 0.9875 @ | inear corr: 0.8777 == HST(ours) corr: 0.9850

~~~~~~~~ MLP corr: 0.8400 i «ee---- MLP corr: 0.9213

o -
® o
T

o o
[ SIS

Normalized intensity(a.u.)
o
(>

o
[S)

0.2 | I | | | L
8 9 10 11 12 13 14
Vinyl Chloride Methane
1.4 [ Reference ---- CNN corr: 0.9835 1.4 [em=== Reference ---- CNN corr: 0.9709
- Cubic corr: 0.7855 Transformer corr: 0.9822 Cubic corr: 0.7198 Transformer corr: 0.9673
S 1.2 Lemmmm Linear corr: 0.7443 == HST(ours) corr: 0.9962 1.2 jemmmm |inear corr: 0.7674 == HST(ours) corr: 0.9893
& MLP corr:0.7548 | e MLP corr: 0.8189
> ¢ L
= H 1.0
»n
o 08}
-
c
= 0.6
2
N 04+
©
e 0.2+
o .
prd 0.0
0.2 | | | | | ! 0.2 | I I I | |
7 8 9 10 11 12 13 14 7 8 9 10 1" 12 13 14
Wavelength(um) Wavelength(um)

Pel 2-9 ek 55205 a8 Bt EE R DU BIAS [R] AR A S S e i I AN In) J5 3%
Figure 2-9 Comparison of different methods using experimental laboratory data of four dif-

ferent gas transmission spectra
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X 2-2 g s B LB AR 5
Table 2-2 Quantitatively Comparing Different Methods Using Laboratory Data.

Jitk ks e
RMSE 0.1149
e Correlation 0.9386
PSNR 18.30
RMSE 0.1338
=WRIEE Correlation 0.9059
PSNR 16.28
RMSE 0.1241
MLP Correlation 0.9248
PSNR 17.67
RMSE 0.0437
CNN Correlation 0.9866
PSNR 24.87
RMSE 0.0422
Transformer Correlation 0.9880
PSNR 25.32
RMSE 0.0333
HST (ours) Correlation 0.9915
PSNR 26.78

i AE BERN HE RERN
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Figure 2-11 Gas Experiment Device for Non-Refrigerated Snapshot Infrared Spectrometer
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Figure 2-12 Gas Type Identification Results of Class-Talk Transformer on Simulated Dataset.
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£ 2-3 Class-talk Transformer TR NS Bt 4 iR gk fe.

Table 2-3 Recognition Performance of Class-Talk Transformer on Both Simulated and Mea-

sured Datasets.

HERf R (ED) SEIy
4% (CH,) 100.00% 100.00%
M (CH,) 100.00%  91.95%
50K, (NH,) 100.00% 100.00%

NEALHE (SE)  100.00% 100.00%
FOHBE (CHy,)  98.24% -
HIfZ (CH,OH)  99.97% -
P4l (CH,COCH;)  99.91% -
=W (CH;);N)  99.98%  100.00%
FRNEE (C;Hy)  100.00%  99.47%
N (C3Hy) 100.00% 100.00%
Z-2-TH5 (C,Hy)  99.99%  100.00%
T M (CHg)  100.00%  98.64%
HE 2k (CH,0)  99.95%  99.22%
- HIJ# (HN(CH;),)  99.86% -
K (CH,C)  100.00%  93.99%
1- T4 (CyHy) 99.95% -
Mk (C,Hy) 99.66% -
Ik (C3Hy) 99.90% -
— Wi (C,HO)  99.55% -
2% (CH,CHO)  99.89% -
2% (C,H,CH)  99.93% -
S (CH,C)  99.82% -
F % (CH,NH,)  98.24% -
AT (SO, 99.75% -
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Figure 2-14 Gas Type Identification Results of Class-Talk Transformer on Measured Dataset.
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Figure 2-15 Concentration Prediction Results of Cross-Talk Transformer on the Experimen-
tal Dataset.

2 2.4 SURBOUNBIHARE BN J; IL R AR LR .

Table 2-4 Comparison of Accuracy for Gas Identification and Concentration Prediction

Methods.
HIRBITTIE
Metric ACE KNN CNN MLP Transformer Ours
Accuracy 93.60% 97.12% 98.08% 98.25% 98.28% 98.63%
Y PZFII 575
Metric CF PMI CNN MLP Transformer Ours
RM S E(kppm) 1.26 0.77 0.53 0.58 0.54 0.51
M AE(kppm) 0.92 0.47 0.34 0.39 0.34 0.33
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Figure 2-16 Sample Figure

277 AWEING

AFEFEGNE TRELLIN (LWIR) YEib AR AEA Y i AR, T
FORAE AR I U . A ST B R BR E UG B IR, (HICIeAD

44



52w BT EALRA A MBS e

PLERZL IS (USIRS) RGN G 20 HE R AR A AR M i R APk ik . TR
SEIMEAE R FE BRI %, HHEAE LWIR B8 H 1 B A5 32 314K 3
Fr G G A ™ E e = Y BRI

SRR R R R A, AR T ARG . T, PR T AL TR 2R 1Y hierarchical
spectral transformer (HST), /&M ATF I BAR 38K I L0 /MG Bt 122 vh 2
IR ESE , BAE LI OGS FER R LWIR Stk G Ed . Scin g Rk
1T HST FE4e S Gk o B s s e i T i S A Rk . ik, 8T
cross-talk transformer, JE—METHEE, BEHEAEMNAENES LEirmg
BRI AT 45, R B AE ARSI . SEIGEE R, X R R AE AR
A A R T = = o - g = i SO 1< = € 2 WY V4 R S W R
TS T

45



BT 2 2R ERE R S EEORBTSE

46



3 E  HTMEGE IR G R s

BIE ETHEALHHNEEDEFINEER
3.1 5§

TR IR VF 2 GUR) A e 22 B, AR, A PEse sl nh, HE il
TG PR G A B2 R A R8T, TOR G AR Y BE 0 3 B 1 BR il o e 22
W2 — s i TRl 5 AR ER IR A RAR FOGIE PR, B
T e AR USRS T 525 Bt . RYE NIt , 5 Y sl B A8 BB S 1Y
B2, VRl TR 2 M4 EE B, B T SRR Y BT

BEXTIE, ASCRR T AR R T 2GS TR A B ) SRS R 2B T e 1
HE B Y AR B A BRI A e . AR E, a2t
T Ay AR 22 M S et e e g A FRE T Y B 41k
Tk, PAYGSE B GRE S  E AR — Bk, i S E RE r e

BRI IR AR, e T BT R BRI T SO A
SCEGXF G IR PB4 HT . FABE I I FN 2 I e A 45 e A B
REIRLHIE F7 TGS G T2 R AL )2 K3 Hodr, B AlGaAs/GaAs
PR IS BT PN S5 605 02— Pl TARHE -V R S08 T H] 5 1K
IS PF o HAET Tl AL ST A A A0 o Al Y M R A, ARFE S R
AR A IERE . S 1 M AP R A R s Rl R A s I, Y T
& A BL T 1 ZOLIE I TR A B = > 300 1) SR AR SR, ST 1 A -l s L A4
M 7 R P DA S B e B G T AT o DU SRR 1206 A i Kok m] AR 5|
0.30nm, JEIE HERIEME 10nm, FE AR REM B 7 U5 e ik iR g
IR

32 RN
320 FEREREIET

A — B R ES N LM RR AL i B B2 TR —. 5
B HOEREAGH F A A BRI B EOE M KGR . SAs FE8 A ] £ 2
A, X LERER AT T HAE TR S/ MU R ER . AR FIDAEAY Y P A /N A ik
Reo WH, F/INEREIUT AR FR . S B s 5 T 1 2 1
SR, T DABEV MM S AR BIRE A R T3 HEREZKCTBHS). Aeiy
ZAGOLT, QR F AR IR B IE G M ARAR A I, I AAE Al WL N Y
SR MWERATERTE 1onm 7y, BERHE AP ghsh, it iR R AR
Jn, DR BOT AR T T8 B S R G MELASE B B i . B,
BTG ST AR LS ) 1 B 354 e T L G S A T A R
EE ORI

H 1990 HACHILAK, B BT Al TAR R /N, e

47



BT 2 2R ERE R S EEORBTSE

HAG— BP0 TAE G f g B0 ok, e H4E, “EWT 8 “it
B ARG A TR TS PR RE 7 DA S A AR R R A i
(PO s R G e HA — 4L SR S P R, 4T
BF, ATDARE 2R A Al ok, Bl “ET ASPGRE . XEERGEAIA]
DARI I RE A AR AL, ] DA B YR R, A 2 BT R 4 B
WlAs=2 >

AL P E G — RS HRAEIE R, FEEATENE A (Acousto-
optic Tunable Filter, AOTF)*! ¥ 54 3¢ H- (Liquid Crystal Tunable Filter,
LCTF)0, iy B8 e 1 07 DA R pamieaiess U0 e et ey
DA A I i B A5 5 A T R A B A AR S, AT AR E] 43 BG4
SR, 245 M1k, AT e AR RAT R 2 2 8k AOTF SGik U Nk ) 32 22
fEfG. LCTF I8 TR MRS, & —RIMmIRASFIT FIC, X LEHE DA/
Bk, Jp—T, FIVEELR H-H8 580 A AT DA i A L R 48 (Micro-
Electro-Mechanical Systems, MEMS) A& LA, #HIEE & SMEDEEEY
I 7010,

T AEEA - 2 9800 A AU A I S5 1) HAA — A A AT
B AR IR, B AIBE W AR . FELA B A s LR, sk
BN RS2 W E ), AR SRS AT DA A A SRR R A, X AT DA i e St
FEACIE L AR B AR SE B PR BT TR B R A UL R,
R R RS9I, Y HI MEMS $OR AT DA Z) AR I 12 i S
Bl o 77 S 25 A RS T DAEE s 38 P 6 T 3R LiNbO3 MO m g iy O 105 Yoy s Ak A
JRACSZIL; A R m] DA I e g ' F st s OO,

TR IX B85 P RE VAT - PO DO U, T2 R X R . B
&4 TeF 5 (Full Width at Half Maxima, FWHM) #e5E 73T R 19 GEE Y
PG HER, OGS PR TR B RS4RI, SRR R Em
S, HXTEREER, XSSECEMNEHEZ, FIEWRRIK. F0mk
J5 Gl 3 A A hiAs OB AR B 1, X L8 RO B AR I e AR SR A
B2 — B2, BA S R AR R e s, (e
i FL s 2 V07 S R, R RS PR BE , SRR T T B B I A
WP IARAGA R, BB P,

2024 4, Wang ¢ ABEH T —Fp T AlxGal-xAs/GaAs BT 2877 B PN
SESEHLIRI A, HCE R TR R R AT VRGP0 500 1) AR R
AIREATE], 7 B PN S5 01 (SRS T- A 1) e B O 0B BE S MR S5, Il
1 PR PN G5 1R E S B S I A W] R B o 227 Bt PN 550 A 15 st
THNFSMELAIE T, X ME A Y B o) ROT RS i DI RE . XAty
AP AR E -V L2005, Ho/ N S AR el g/ NSOk g, I HAAT
Z GRS, A 480nm F| 820nm. {HTARH PR PN 255015 i i B 4K S8 52
B 5 S A O, RSEHROR 32 B Wy B SC IR 23R o (R e dnfn] A SG 1 AR £ B2

48



3 E  HTMEE IR G B ek s

HH i S I e A ) e 1 B A S HE R [
322 BRI TIENHI

%45 PN 2550 A @ — st B0k ke iy, B TARREE T A GG
BN A B AR B 2SO, XSGR FAERER X LI 1E R i b ik
ER . H, AERXH P IXS N X758 I S 25 18] i X AL
B YRR TR, AN Z 359K .

BEE NFE PN g5 (N XIEM. P IXGk) AR RES R, B TR
AT IEERCRIE , T EGE T8 FRCRFIN N B . BT RCRAT 212 A
TFHEA R AR T 7B DU S R T S E AR R A U KO AR
SR, BT AN TR R )l B4 e b — i 4 il 4k St s B R PR G &R i 7 G
VAR EFEERIGEHEE. B, 55 PN 856 A4S A8 T H W EDE
WA, 5 B RO N R KA 25 A B

WE3-17R, FEWASH B PN 4503t il AE N B e R Ao B
() Al Gay_ As (FH x i 0.5 ZWIFFALE 0) SCEUHFPRE . 45058, #iE PN
A BB TEHT BRI AlGaAs, Tt B 45 DN 2 I A BRI AlGaAs 5 GaAs.
AR MR E T, A5 B2 PR T (EEREN KOLMK) feviA sk
£, NN BZ R 2 22 BRI B KOBIUR 25 7ok S ) i 1 2
K, FEIRIRAE A Z A5 BRI, AT AR I K ARG = R 3R T g 2 5k
LT TTEOE I SLRIEHLHISCB TR PR ., Ak
TRt TR R .

P contact metal

Bias Voltage
g 11111
< e
o
5 04 §
w
Q03 p
~_Alo.5Gao.sAs £ .8
8 0.2 E
et o3
S = 0.1 8
| 0 N 4
-

\ N contact metal >
Pl 3-1  iisais b PN 50650 s P APk e .

Figure 3-1 Schematic and electric properties of the p-graded-n junction spectrometer.
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Figure 3-2 Schematic and electric properties of the p-graded-n junction spectrometer.
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Figure 3-3 Microscope image of the p-graded-n devices with different footprint
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Figure 3-7 Low dimensional analysis
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Figure 3-17 Evaluation of methods on noise.
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Figure 3-19 Evaluation of performance on bandwidth.
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Bifn, LT pkU200 -y PRI A fhs ol R, BB (x;, ;) RSN
(x4, vq) TEAARIRIOLE . 53K (4-8)PT PATRIAL A

te(xi v 1) = TyL(As ) S (g, // Lopctx.a, ) 4-9)
r

E(x;,y;5¢t)
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434 JEHERS

SPAD FEZIRYIT A e wEAT o f AR EE iR . FESLFREF, AL
PS8 2R G0 5 IR PR AR A AN [F] R ARR AR AL R ) R R AR
I SPAD FEFIRGARIL AL E WO K SR LB 2 5, SPAD 471 [ i
Wk ks EFZ AT AIBES . N T SREARLE 2O R, FF SPAD
PRSI MR R IR EA R DB INENAS , B TE SPAD Hif e & e FE41 o
FERKFHBEE T, BOCIIMIFR RS Gy, B0, (0,0). 552X (4-8) T ALy

1
Tc(Xg, ¥a> 1) = IpL(4¢.)S (4e,.) // r—40(x)pc(x, a;, By, By) (4-10)
E(0,0,x4,y4;ct)

4.4 IRERBIFIR K R A
44.1 BFFHRNZERARE

W 4-4f577 , MSNeTF JyyE7E 4.3 143X JoMe s Al A g R B T
RAFPERE . FEAEMEE LG, R TOERR St =R ST, A R BOLE %
| SPAD, [Hitt, 15255 1R B AL « FEXT MSNeTF Jy YA 7E S A EA LAY
% 2 50 AR ) e 7S SN B R ZE B S R T AT, AR R R R
M) PR 25

T PR R E TR, SPAD BLAEMLEE 1% R GE Y MR AR B L 5 8] T MSNeTF
BB, XSRS RN R s -

MC(xi’ yi’ xd’ yd’ t) = P(NTc(Xi, y[’ xd’ yda t) * .](t) + NTb(xda yd)) (4_11)

LA 70 JRARAEIN C o, IS SRS . ZERER T o,
B MREREDE FA RIS . N R gotmbos, o) SRt
RGEMATAIEE, T d REATECR. PRI . e € Z* J& SPAD XSS
3 1 BB T8

B E, T IRR N RIBHIRRE ) SR 0 R 2 A
ATLAM R SR . AR, T SRR R A . S TR
RS, T —ANE B2 2 RIL (MLP) o 304 MLP (65 AR
(e ) Hith XSR5SR vy FETREILER R, FEURALAFER Y MLP
SR E R, AR EROR.

MPEA-4FFR, 8 RURTR TLERFBREECHER M F i) MSNETF 2k
iR, A RINRE L TS HEREEIO B 54T WX RIRR T I e
RIS IR RI S R A . FIS R, DA RS 2
“Stanford Bunny” Hfil, 4SR5 SIS TEICHARERBIG , 3 (R, %
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ambient light ambient light ambient light

Groundtruth Estimated Groundtruth
NLOS scene ambient light ambient light

Pel 4-4 i PR MSNeTF 858
Figure 4-4 MSNeTF with ambient light modeling.

AR, eI, AR AR AL ERESL ORI, X
B A s I B R B eI A LA EE e 1R it TS

TR [EMECEGI , BRI BiRFE 1 R ARy I 2 (0 PR
A TR AL A, HREE W mIEI T oAb, B ROGREG DR AR A B X
AR, RIS . RIIE S SOt E S5amE BT iEa)s, s
B, AR TG MER S B Ay, A e H e, EENE RN Bk, H
THAAME RS SR 557 2R AE

1 MSNeTF 5| A4 45 X RS, AL Xy i LA A
e EE OURAER T ES) , WSS S FOLER, 5 5eigd
W6y o XS5 HAREREE T A AR R BAT B, i PR
71 MLP, MSNeTF 222 7t 1 B AR MEREH SC L 7 FRED LAY R 2 i

442 BETERRFFAR K

MSNeTF [ ji [ BB AE SR BT A S VR, T (v S 2 ik 17 i
TR BT IR, QU 0 EAA 1T, ARG GIA T AR, A
[LIE75) N 32N B TRy o

i L2 JuR0nt i 42 W 25 2B AT U AR A A m] AR g -

L= ”MC(xi’ VisXd>Vd> t) - “Cm(xp YVisXgsYas t)l |2 (4_12)
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FEEXAN 3, e FORRAE 2 2 @-8) R4 @-1D I B ALY 5t Ik
B, Hep FRMERBES . EXFIACERAE R RF IO 10, I L2
R RR I 2, WA 4-5F7R. JREER T SRR AT o is
BESHEATALHL, BRI

L= ) (uc— peploglue) (4-13)
x'y't,C
FESAS R, FEE d R 4 MLP JOR 24 w, BRI ue
IR P(uc) ek, MIBER 2 £ /)

min Y (ue — ten 108(ue)) (4-14)

x',y't,C

L2 norm loss Poission loss

4-5 JFRAR B AR

Figure 4-5 Results with Poisson loss.

A14-5 127 T L2 JEAIER K -5 1AM SR AE B 1 I8 F e v i A RIOR
X B, HT L2 R EAGRAFAE I R SRR B sx (R
BB, M PURHBR 5, ok B AAAA M A R S (WA T R
FRE OB, W OEASE AR, XS L2 SRR A SR A 2

FIXF S, SRIARA IR R BUE R RO B 3T . 2 ORI 52 %
P QAR FE, WMIRERMESE TR 2 Haail o i T oe
HE iUt eT L, ARG TSR A, JEAR R Ok R ACE REA R A IS T
P, RITEERE.

443 SHER%

FEAWTFE AR A S RASR AL T AL BERARA RS, ] AL A 44 5 o de vl
REF A X LR I S AU

HETAE , & pe FoR Ira N BES SR A , P B BES ne(xi, vis Xg, Vg, 1)
YIJVAbR G pe Fn, SIRTERFIA] 0 D2 (%, 33 X0 vg) KB C FHYBESE
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e H, FIAT AT EFIBES ue SHNEME pe,, —BPERHR, X—
KRS H R E T NG R A HERTE . ZAER A AR ARG TR
exp(—pc)pchcm

Plu) = == < (4-15)

TEX AR, exp(—pe) BRI — DAY, b THES E 1
A A ST, B AR ROMRE . T petom FT (ue,)! W23 SIS T T
RS 1 DN B (EL A R T B 3

eSS, MEFNBES ue KRR MR, FrAra B BES ue 5
XF R I EEAE pey — B AT LA R T A 2 A 7 5

— Hem
P =[] eXp((:C ‘:)”!C (4-16)

XiYVisXg>Yat,C

XA, [T FoR TXFrARE . 2SRRI 65 R T R

X;, VXY g.t,C
TRERAE

TR, FRER P(ue) WIS EUMIRE RN T

F = —log(P(u;) = 2 log(uc,,!) + Z (He — Hep, log(ue)) 4-17)

XiYisXg:Yat,C XiYisXg>Ygt.C

LA AR Tog (e, SIS I MR KB T 1 (e — e 102 ()
I T RS 3 A AR 1 22 T 5K
B, SUIRAMR £ h

L= D (4e = Heplog(ue)) (4-18)
Xi, Vi Xg:Ygot,C
45 SKUhzEER

XA RS FRRSHER TS, 5 M B E MSNETF KU, 75 425
HER AT OB, g LCTI | FoK U201 Sy pEUI21),

451 BARBHEER

TEAWGITE T, TR T —FhAROLETE e, T DAZE BOME A EL RO ) = SR RE
PSS BRSO . B — B s, RAE TR GO %, HAEBERS]
4 Mitsuba2 A i 5 -5 PR T A IO Rcdl . X BBl oR B P 4kt B UE A
[l O2E, JEm A AR A
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P AR 3 53 B A RO e s, BIDESAE el e rh A R T
DEMTSZ VLM AR o B0, 7 =Fhdg st UM EBE R AN T — RIrHARE S Al
PN, BT ks £ 0.5 K 0.5 K. 0.8 Kk 1.2 KAk,

TESERBOT T, HIE T IMESARMEM IR . FEIVERET, PRSI an
JPPERULN 32X32, I3 HERA 4ps, [RIRHE AR T8 1ok xR e A&
BCEA, PRI IR, BESERI D PERGET 2 64x64, HKFh A TEEY
JE B ILERCERPING, DA AT AR AR L 20K

452 SKEREENE

Kl 4-6(a) B 7T HIVER SEBs RGESEY R A Ra, BEBLBOLE &
ORGSO 2o O AT B ikl):8]) & ik GO i P K=y £ i) 1 o L2815 & i Wil =D A aa
TR T oLk R E S R . BEE, A0k &0 R0 BB, I
HH PR S ST 2 rp A 1o S A SUp e AR ROt R v, {55 DABKTA R =it S
WA, TR R ki T . B 2%, S REEA G TR g SO
SEAC KK, JEE R BT AR TR ISR

{fi f§ MPD {Jt]"] SPAD. Canon EF 50 mm /1.8 j}4§ {0, 2245 3% DA S PicoHarp 300
WM R 25 . 028 (SuperK EXTREME/FIANTUM, NKT Photonics) .4 410
2400 nm FEZHGHE, LR AT EE AR R E B, DA R LI ER .

LR E Y, SMIRJECH 5 248 (Thorlabs VAS-PBS251) i EL GG,
i1 2D #1445 (Thorlabs GVS012) 5|5, FH HEiR & (PicoQuant PSD-065-A-MOD)
I EBG, SPAD Gk 4kl (B) SUR IR IERERA 5001

RO TR P AkRE 10 KAL, FHHIY 0.7 m x 0.7 m, K kB £
25 100 ps. SEHRRTG R EFA Sk (0N 1 22 WA AT AR A Y AAR AL . RGB %4
PR AR EAE % 39 MHz, P35 100 mW #0%, 7€ 510 nm. 590 nm Al
670 nm =7 SE N A A TINE . I EBESEUE R A 64x64 53[0 73 3 J 4 ps
I [E] 3 R

453 BRFEINRIE

A A4 R T Al A2 5 | ARG RS AR I o LB I S E A P R AR T
HAEMH MSNeTF JB &7 g, (HAETE % BB 5, MSNeTF |]
SR RS A, FERMFREDEN LT, MSNeTF A{UEAFCR -5 H
TR Y, BRSBTS, ENERET, WHERER,
TSR PR Z R, LCT AIARAA 7 ik S IBRIRICR 5 F-K 7 ik A 40
7, (HRBESC LA AL, 1 MSNeTF AWK T AR EE, ansis
BT sy, EARMERETT, RS 2K T AR S SR
NP RS INAE; 10 MSNeTF WS sE=#ANT . T, HKE T ADE @
TR, FeouER] T A .
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Delayer

(a) Multi-spectral NLOS imaging system

Pl 4-6 BifEFRSE

Figure 4-6 Hardware system.

454 TEMILE

P 4-7(a) 7R T 588 MSNeTF 15 SOTA Jr ¥y B A . LCT Fil
PE 5 VAR HE AL AU 7 S AR, (2B A B0 e R 2 s FK
ETEAI RS RIS , (U R B PR S . HILZ R, MSNeTF R
(U B T35 TR0 R0, A TN b (e B I 1A 5 s )
I

] 4-7(0) R T AR T RO HAE R A U200 S S R B
R, BSR40 (LCT, F-K J% PF)
(AR S0 TR0y, LA BRI A 3% St TR A B o S 7 o B
RIS . T MSNETF 7EJk L8 4% 1 RG0S A MR IUS S @ SN, 7EPIA
LI B 0 TR AL T N R R B, R A A A 2

] 4-8JRT T 26 IERLIE LIS R e A0 WS ML 28 MSNeTF T 25
HULE AL, IF15 SOTA Iy T X . ST IO f Iy e A e ey
JUATEE S S 7 TSR S BEAR, H MSNETF 5 PF 24K T #4506 5
WAEEL, W2 F, LCT 5 F-K RIURE, B S5KE T MSNeTF 7655 30K
W o T OLRE T IOV ) FEASHFTE S5 A B9 A A BTE W AS BcisttAT
T H#SKH . RI SOTA J7 Al MSNeTF PUHEHE . 75 670 nm (£15, A7)
550 nm (56, WFFT) WK FMRLEERS, AEERBaEE (7).

] 403 EL52 10 RBbar WRASECH AT T HEANN He, R SOTA J7ik 5
MSNeTF £, 7 670 nm 1 500 nm K F 48 BIRSE T XL 5 (h77)
Bt (A7) MMmmmasdn, Wsmetmgaikn (1),

P 4-10LAFISEH SRR XIS, BT T SOTA Jri% 5 MSNeTF g
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Figure 4-7 Results on confocal and non-confocal setup.
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Scene shot by
RGB camera
Image at
p 670nm

Image at
550nm

Geometry from MSNeTF LCT F-K PF

MSNeTF
Pl 4-8 APRECR ERGEER
Figure 4-8 Results on human model.

Scene shot by

RGB camera Color image
Image at
670nm
Image at
500nm

Geometry from MSNeTF LCT F-K PF
MSNeTF

4-9 WAaGCH Lt gh R

Figure 4-9 Results on red and blue bars.
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Color image
Scene shot by
RGB camera
Image at
pr— 670nm
Image at
550nm

Geometry from MSNeTF LCT F-K PF
MSNeTF

Pel 4-10 Ffxue4% RER
Figure 4-10 Results on Snack.

PEfE. SEER, 20 %IHE 670 nm A 550 nm KR ORGEBES PG 7X@
(h47) Fige@ (F47) RSUEERG, FER —#FRa s ey (117).

Color image

Scene shot by
RGB camera
Image at
670nm

Image at
590nm

Geometry from
MSNeTF

Image at
550nm

MSNeTF LCT F-K PF

P 411 p kI gk
Figure 4-11 Results on Pikachu.

e 411 7 1SR R b Sry s, i 7 SOTA J5ik-5 MSNeTF
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P, B, 7E 670 nm, 590 nm A1 500 nm P KR 4 A IRBESE S, X
R (hitT) . s (M T) Mgk (IRH) mFuEEEg, s =
EEGER AL GG (A7), BT BTETE 0 s MSNeTF TEAL PR E I
KIFSHIR I, FBRAZR SOTA JriARERER L. i X AFAY HLRL
o, WIEERARR RO IR B R A B IL R SRR, ARSI sl iR A
Ve SCHRE, RSP A I A 0 SRS

455 TEEH®

TEAWFIEH, FF3% 4-1, 4-2014-3r0 7 ) MSNeTF J5JA & B iF A 4R 5
SOTA J7 ikt AT T RIS LA o PPAGERIEI 1A AR B I A AT I (L £ Mok
bo. SRR — Ry TR IRZE , DA A O R e . Bt ab5]
A TR ek A U B iR 22, AT SE HE A 3 A B 5 SR AE T AR TR
SOOTTRITERE . SEHRETREW], MSNeTF 7EFR iR A LKL 39T SOTA
Tk, Bk 1 HAEAL BRI ) A A 55

41 W Ysoe i aUR .

Table 4-1 Quantitative evaluation on patches.

Confocal Non-confocal

PSNR SSIM NRMSE MAE* PSNR SSIM NRMSE MAE*

LCT 10.56 0.250 2.44e-6 0.049 10.61 0235 2.3le-6 0.068
F-K 1259 0369 1.53e-6 0.046 10.19 0.222 2.66e-6 0.071
PF 9.05 0.191 3.46e-6 0.046 1093 0.242 2.24e-6 0.068
MSNeTF 1699 0.715 5.56e-7 0.046 14.16 0.443 1.07e-6 0.068

i A6 BERIL

K42 RTYHRREREEGIR.
Table 4-2 Results on bunny.

Confocal Non-confocal

PSNR SSIM NRMSE MAE* PSNR SSIM NRMSE MAE"

LCT 1646 0.200 2.15e-6 0.0424 14.18 0.121 3.64e-6 0.121
F-K 14.57 0.165 3.33e-6 0.0379 14.24 0.116 3.59¢-6 0.111
PF 15.68 0.272 2.58e-6 0.0293 13.50 0.107 4.26e-6 0.082

MSNeTF 17.73 0.759 1.6le-6 0.0150 16.75 0.718 2.02e-6 0.069

A A RERN

TEARPFEH, F0 ESAR 7 SRt TR M AR, PAFE SRR
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% 4-3 MG sl aiR

Table 4-3 Results on human.

Confocal Non-confocal

PSNR SSIM NRMSE MAE* PSNR SSIM NRMSE MAE*

LCT 15.15 0.027 4.0le-6 0.0538 13.07 0.014 6.48¢-6 0.116
F-K 14.83 0.021 4.32e-6 0.0422 1332 0.032 6.12¢-6 0.140
PF 14.89 0.097 4.26e-6 0.0331 12.79 0.020 6.91e-6 0.232
MSNeTF 1644 0.496 2.98e-6 0.0290 16.07 0.039 3.25e-6 0.037

i AE BERN

Pio SEORIERI T PUSIA S LT A5 A ) RBbar, 2R3 4% (4 AKX 52164
HPER N, BT A e A BuH, Pikachu, X 4837507 T 4544 I
M 2%, HEGaEGE. &, . 22700 K, AT Emder 2.
R MSNeTF J7 XX S 37 5t A7 T H @, I+55 SOTA Jy kit 1
TEARTEE . Z52RRW], MSNeTF {EIR LB A S B T7 T 3 6T SOTA J7
¥, JUHAE Snack Al Mannequin 2552 237 st L M .. tt4h, RBbar F
Pikachu 37 5t i B 745 R SR MSNeTF J iR A A [F] 37 5 P it AR 1 5 Bk
SRS, AP SEi g4 R IE T MSNeTF 1E 2 F LR 37 5 i vh i)
DUBVERE, SAPE— 2D MR ouAl 5 SR AL T ) e SCRPFI B AR T .

* 44 ARBRNBE S S8
Table 4-4 Setup and parameter of different data.

Experiments Mannequin RBbar Snack Pikachu
NLOS size 0.6mx0.4m  0.45mx0.45m 0.32mx0.43m  0.5mx0.5m
NLOS distance 0.9m 0.9m 0.9m 1.0m

Detection region 0.7mx0.7m 0.7mx0.7m 0.7mx0.7m 0.7mx0.7m
Detection points 64 x 64 64 x 64 64 x 64 64 x 64

545nm-555nm
530nm-570nm 480nm-520nm 545nm-555nm

Wavelength ranges 585nm-595nm
650nm-690nm 650nm-690nm 665nm-675nm

665nm-675nm

Exposure time 1s Is Is Is

ARSCRW T — R T 2ot 2B S R AR R SR R T 2
e ARLEE SR RS, R 25 M8) NeRF Fy T4 3 27 > HE J2 S BRI it J LA A AE
Yo [N, TRAWFIE SPAD MEFSEZRH], (F AANAME A B T3 T SR RE
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Al 32 2R A s b AT 7 RIE, R RIFESE b R G0 I S HOE A0
RS . R TARRF A S A B SRR A S, 81 AT A 0 R A Dl
IR, [R5 REAE AR RS ORI (R E I S i o IR E I 265 DA R

JUT AN S SR A T R
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55w AT HINGRDCEH G B DOtk R

ESE ETFWMSGFALTAMSHEEEFINLTER

51 5§

TGRS AGAEVE 2 U A T AN, (BAESE B b H T I R R
AXEFPE S . — T, BT TAEFREERRE 220, Gk s ny a8 2 5t
TR, T H iR A m G RS R A BT B T HL, 4 ETRGHE
G HRZ BT RS, X B B rIBR S, Gl HRAt. midixitZiR
S, ARG AT RS BN RCR IO IR B = . Ak, SR A M 2515 |
NN EDICEE PRI RE T A&, (Bl TSI, MM BIE IS
Gerbry N R A2 2 BR o

Bk SRR, A SCEE S T — AR A 2 T AU SRR AR AL 1 B IR
2GR A XM VR e R | e 2 S T 2, SRR AR
A8 R XIS R B TR I fEAT . RIS, A SCHIA TN S S, IR
HAW A Z PRI X R X, AR SR BRI IS B G E )
FRgibE, RS A H TSR RS AR A G AL, AN A T3, #E—2P
PRI G .

AR T BA P SR BE G RE B AR PR R Bl A SR YA A
Bk . AEREE SIS B B A RSS9 B 5 5 DR A BB A T A A
W7, (B HEAEE R AR I T AE 5 R EUE S T I I IR PR . 1% G AR B GS
R T YRR T PTG B P, AR AR RS . fRe I B
M LA 55 [ B« B TH R YA M AL B S, 2P e T R
PR GECRART A 8. 5 BT A SCHR S i B T F I SR A i A A3 ) B I
Bep e E TR, B2 S (Multi-Spectral Filter Array, MSFA )
IR 5 261 3% (Neural Spectral Phasor Fields, NeSPF) kG HL4%5
1o MSFA it sl T2 P K R0 R4E, 1M NeSPF ByANERN T R &aF£R
PASEHD G- A E A, S il oty AR, HRHENA
OIS AA A HIE = . BT RO PO R B R AW LR IR R, 5%
G EAH LG, ASHEZETE 400-700 nm B (10 nm Z3pHE3R) AR AR E 4E%5E T 30
o MHECBA SR, S EfE AR R B0, HiEdEL S G
FEAIN G UE T H BB g P BT 2L B RE JT . X — B R AR T B RE S A
BGAIIFAERERE L FWE A GSREE R, N A s R R AR i
HET SE R T 5

5.1.1 JEFREE i %

JERLEE (Non-line-of-sight, NLOS) AR A AT AT AN ES S W H AR R FH
PARg Pk EEIE H WBA KATI A (Time-of-Flight, TOF) . A 5% {4 !>
R w122 129 St e 3, MBS0 T RIS . FRpl, T
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TOF W EEL s FE R RR I TR =i s @t ae )y, M HBUh A R
S

FT TOF 1) Jy i FH B e R R ke RO o, 5 5 ) 22 42 LT PN 1Y)
F5t  IR RO R HIU —A ) BE ) AL FR B BT MR 555
RGBS B, — NSRRI AT RIS, Aot T
— 4% (Single Photon Avalanche Diode, SPAD)!M71381 - 2xqisgam w5611 5155
IHIA] o AERTRIFH 56 BG4 1%% (Time-Correlated Single Photon Counting, TCSPC)
B TR SPAD (%8s A i — MBS E T 1E, Horb SURHRE B A mO6)
AR St 41905 ne i €T R ENELEHONE W

SR, FHTAEAE— 8Bk, X T UEHr PR BB RE AL 2 K B R i
NLOS B AA AR Zitot. Ho, BEFEDRMEOCE, FER
[FlA K TR, ORI T B iR Bt E] . R, S4B {5 NLOS
GG 5 0 ) = R O TR (BT RSO IR R R e I K BB 3R
WML, FENLOS YEibEds H 5 M LA AIG .

PIRAER T HOIE NLOS Heifs v Sl el 45 55 56 g 1091161597199
T YA 2R3 NLOS [R1AI A 1 37 1) BR €6, NLOS JSAZ R, KgAK
AT LA NLOS HAE VL. i AT C S i i ] Bh AT I (R RSt
BT R AR B TEAR A S B FF AN PR g B [ 385 (Filtered Back-Projection,
FBP) JHAR KNG NLOS Hi o) i BRI RS 1, FF 7 D =4 b0 Al
R R R 4 092 S BT E 42 e (Light Cone Transform, LCT)
()77 165 NLOS w8 &4k 4 3D B, Hir, B Wiener i JEAF X LI M
F AL IR BARTT DAE— 2 e U 11 AR (3% (Phasor Fields, PF) J7i&iAH
NLOS i A% A8 a] DAE A S e Ty vA iR o, Hg LA B B SUAE 237 7] AR R
I NLOS it v safy s (15014 15] 5 5% 4 pip ] 1iE W4k (Signal-object
collaborative regularization, SOCR) J5V%2% & 1 % & H Ar Al &5 5 00 e 1840
W, EVEERDEE RIS BN NLOS %o B th g A e iy sl 118190 NeTF
FER 2 M 245 Rk 5] A NLOS i@, $R4L T INFERCR M 515 iR g St
S H bR B A SR 1S RS R S T SRR, (B B AN
PG R HTX 877 YA AT NLOS Stk s & W B 3 gk Hst e, - F8EEH
ik SNR, M- FEOL G HEREA . HI AR GE B8 & — R

[
512 AFEENIEMRIR R R

B S-UR/R T = A R AR AR R AE SR A A . a R T4 Ry AR
T RSB ASE P L €0 SR ) 1, ACHE BRI ) BT 1T o 0 T P B RO R
S RRIRA I IKE LR o b o T A el AR BRI pUR B 22 B K e MO IR R
TR, BRER— ZR IS E B I B B . BRI S W T R EOT
AR TR, RERFENAGR— GRS . ¢ R 7 p g
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TG AR 1R R G A B ) RS R I R 1k, #li ok S 16 40 s fa R 4
FH24 R B AR B s o .l R G, SRR E R T 54
FEIE T A S P B R RIS R, R R EE 15 B AR R B 24 1 B R
SERF[A]

b H c
wavelength 1
‘\ Tunable ﬁltel;"' \ Tunable ﬁlter_\“
\ et
o .
. Objects
Objects Objects
Laser source SPAD Supercontinuum Supercontinuum
' laser source laser source
J . lMeasurement Measurement l Measurement
I 11 111
I [ 1 JJ .
A A ﬂ .
h A ] N
Monochromatic histograms Full-spectral histograms Sparse spectral histograms
Ph field Per-wavelength Neural spectral
asogieice phasor fields phasor fields

Grayscale image Spectral images Spectral images

Monochromatic NLOS imaging Full-spectral NLOS imaging Snapshot spectral NLOS imaging

Pel -1 Al e A RE R R AR HE S
Figure 5-1 Pipeline of three different spectral NLOS imaging framework.

52 HIEEE

e IR X AR AL IE G 3% B 50 R SRR R YR TR, A MBI B
TR A BE G 1 i e A AL 0 A e T B [ A 25 5%, S RO 2 it
Tk SR

e M B EUE AR GRS I R A . % x = (x, y, 2) TR
JAAERR, p(x, A) FoRHAER K A ACAGIRE SR . IE i n] ik o
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Figure 5-3 Pipeline of neural spectral phasor fields.
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Figure 5-4 Experimental setup.
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Figure 5-5 Spectral calibration of the imaging system using a reference white board with
known spectral reflectance.
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Figure 5-6 Illustration of laser power leakage in a 19.5 MHz laser system, demonstrating
power leakage at 39 MHz and 78 MHz at 450 nm.
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Figure 5-10 Evaluation of the proposed method on synthetic broadband natural spectral data.
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Figure 5-17 Evaluation of the proposed method on experimental data with retro-reflective
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Figure 5-19 Evaluation of the proposed method on experimental data with natural objects.
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Figure 5-21 Evaluation of the proposed method on experimental data with natural objects.
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